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‘ I  The Baroda Waterworks.” 
By JAGAXXATH SADASEWJEE, Assoc. M. Inst. C.E. 

(AblkZJed.) 

THE city of Baroda, containing a  population of about one hundred 
and  twenty thousand, was  until  recently  dependent for its  water- 
supply upon tanks  and  wells  in  its  immediate  vicinity.  The  idea 
of bringing a new  supply of water from the  Nerbudda  river was 
first contemplated in 1866 by  His  Highness  the  late Maharaja 
Khanderao ; and  his proposal was  then  investigated  by  the  late 
Mr. A. W. Forde, M .  Inst. C.E. The  subject  subsequently 
engaged  the  attention of nunlerous  engineers, and  other schemes 
were projected or investigated  by Messrs. T. P. S. Crosthwait, 
J. H. E. Hart  and T. D. Little, MM. Inst. C.E. 

Shortly  after  the accession of the  present Maharaja Gaikwar of 
Earoda, the  Author proposed a scheme by  which  that  water could 
be  obtained from the  river  Surya  at  Jafferpur,  which is within  His 
Highness’s territory.  The  survey of this project was undertaken 
by  the  Author in 1883, and,  after  having been favourably reported 
upon by Mr. Playford Reynolds, M. Inst. C.E., and  by  Lieutenant- 
General C. J. Merriman, C.S.I., R.E., the scheme was sanctioned 
by  the  Gaikwar on the  26th of November, 1884, and work was 
commenced in  January 1885. 

The  undertaking  involved  the construction of an impounding- 
reservoir 12 miles north-east of Baroda, with waste-weir and 
outlet-works ; a  30-inch  cast-iron main ; settling-tanks  and  purifi- 
cation-works ; a covered service-resorvoir, and distribution-works. 
The  works were  designed to afford a constant  daily  supply of 
3,000,000 gallons  to 120,000 consumers. 

IJIPOUSDIXG-RESERVOIR. 

The  catchment-area of the  Sayaji Sarovar, as  the  impounding- 
reservoir has been named, is 36.2  square miles (Fig. 1, Plate 3). 
The  water-spread  at  top-water  level  is 4 - 7 2  square miles. The 
result of 17 years’ rainfall observations a t  Baroda showed a  mean 
rainfall of 39 inches, and a  mean rainfall of 33 inches  for three con- 
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secutive dry years.1 These  figures  were  adopted  as  applicable 
to the neighbourhood of the proposed reservoir, being less than 
those of rainfall observations for the same period at  Halol, which 
lies eastward, as Baroda is westward, of the catchment-area. The 
loss by evaporation from the reservoir was assunled to be 72 inches 
annually. 

The reservoir is formed by an earthen  embankment across the 
Surya  river, 14,400 feet in  length,  and 54 feet in maximum height, 
storing 1,287,000,000 cubic feet of water.  The embankment 
is constructed principally of earth excavated from the maste- 
mater-course which is situated  at its northern  extremity.  The 
top-breadth,  which  is uniform throughout,  is 15 feet. The  top 
of the  embankment is 16 feet above the  top-water level, or, 
reduced to mean sea-level, is a t  R.L. 224.00. The  sill of the 
outlet-valve  is at  R.L. 188*00.  The side slopes above R.L. 217.00 
are 14 to 1 ; the  inner slope below that level is 3 to l ; the  outer 
slope is 25 to 1 between the  Wagli nullah and  the  Surya  river,  and 
2 to 1 from the former point  to  the waste-weir, and from the  latter 
point to the  southern  extremity of the embankment. Before 
commencing to build, the  site  throughout was  completely cleared 
of vegetable mould, trees and shrubs,  and  the sand and  silt were 
removed from the  area  forming  the  foundation  in  the bed of the 
Surya  river and the  Wagli  nullah. 

There  is no  puddle-wall in  the embankment, for the  material 
employed in  its  construction  was of good quality,  but one is 
carried  through  the  natural  ground  beneath i t '  along  its  entire 
length.  The bottom width of this  wall  varies between 10 feet 
and  15 feet, with side-slopes from 3 to 1 to t t o  1, according 
to  the  nature of the  ground;  the  depth varies  between 18 feet 
and 25 feet-a clay bottom being reached, with  the exception of 
a portion 200 feet in  length between the  Snrya  river and the 
Wagli  nullah,  at A, Fig. 2, Plate 3. The  trench  was  here excavated 
25 feet  to 40 feet in  depth, and 5 feet wide in  the deepest part, 
about 50 feet  in  length. A section of the  embankment  at  this 
place is  given  in Fig. 3. In excavating  the  trench between the 
Wagli  nullah  and  the  Surya  river,  springs were  met with, and in 
the middle  portion a large  quantity of water percolated through 
the  sandy  strata.  The method followed in  filling  the  trench  with 
puddle was :-A layer of G inches to 12 inches of clay was thrown 
into  the  trench,  water  was added, and  the  clay  was trodden by 

The rainfall of the years 1569, 1870 and IS71 vas 37 inches, 34 inches 
and 28 inches respectively. 
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labourers until  it  was  well mixed. Another  layer was then added 
and  similarly  treated  until i t  became thoroughly incorporated with 
the lower one. This process was repeated until  the puddle-wall 
attained a height of 2 feet above the  surface of the  ground, so as 
to form a water-tight  junction  with  the  earth-work of the dam. 

After  the monsoon of 1888, a second puddIe-trench was exca- 
vated  parallel  to  and  about l50 feet  distant from the  inner toe of 
the  embankment (Fig. 2). The  length of this  trench was 2,000 
feet, and, with  the  aid of two pulsometers, and one S-inch and one 
C-inch centrifugal pump, driven  by  portable steam-engines, it was 
sunk  until a good clay  bottom  was reached. Part of the  trench 
was filled in before the monsoon of 1889 set  in,  and  the  remainder 
was filled in  before the commencement of the lnonsoon of 1890. 
The object of making  the second puddle-wall  was to  prevent 
underground percolation, and  the  Author believes that it has been 
of material service in  this respect. 

A gap about 400 feet  in  length  was  left  in  the emba.nkment to 

Fig. 3. 
. .  

. , .  . . 

permit  the passage of flood-water, and was filled up  in  the  early  part 
of 1890. The  entire work was raised  to R.L. 217.00 before the 
 nons soon of 1890, and was  completed  to R.L. 224.00 in  the 
beginning of 1891. The  portion of the  embankment  built across 
the  gap  sank  about 1 2  inches  after  the monsoon of 1891. It was 
subsequently restored to  the  true level, and stones  were fixed a t  
intervals  along  the whole length of the  embankment  to  aid  in 
observing whether  any  further  settlement took place. The  inner 
slope was hand-pitched with  dry  bricks 9 inches  thick  overlying 10 
inches of gravel,  the  joints  being  well packed wit,h gravel. The 
pitching  has stood well  during  the monsoons of 1891 and 1892. 

During  the monsoon of 1890, water  was observed to issue from the 
toe of the  outer slope of the  embankment  near  the  point A, Fig. 2. 
This caused some anxiety and apprehension, and Mr. J. E. 
Jvhiting, M. Inst. C.E., was consulted with reference to it. He, 
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however, did  not see any cause to consider the  embankment 
unsafe,  for  reasons given in  a report  dated  the 22nd May, 1891. 
He advised that  the  outer toe of the work  should  be underpinned 
with a clay wall  12  feet wide, to  prevent  any  tendency to 
slip  which  might be anticipated  under  the circumstances-the 
embankment  having been founded upon black soil, 5 feet to 6 feet 
deep, for about 4,000 feet of its  length. Also that a system of 
surface-drains  should  be cut,  to lead water  falling on the  outer 
face of the  embankment  into a new  drain or cutting  which  had 
been already made parallel  to  the  outer toe, and 200 feet to 
300 feet distant from the  axis of the work. This  cutting, which 
was 10  feet to 1 2  feet in  depth,  and 2,900 feet long,  discharged 
upwards of 49,000 cubic feet  and 75,000 cubic feet per day,  in 
the  months of October 1891  and 1892 respectively. This  large 
quantity of water rose to  the surface of the  ground at  the toe 
of the  outer slope of the  embankment from the  Wagli  nullah to 
the  Surya  river ; but  the excavation of the  new  cutting between 
the nullah  and  the  river  has  rendered  the  ground  near  the toe 
of the  outer slope dry,  and  the  Author  therefore does not now 
fear  the occurrence of any  slips  in  the black soil there.  The sides 
of the  cutting  stand  well  with slopes of 1 to 1 except  where the 
sub-soil is composed of black soil. Here slips  do occur. 

WASTE-WEIR. 

The waste-weir, Figs. 4, Plate 3, is constructed a t  a distance of 
about 1,000 feet from the commencement of the waste-water- 
course, and  is 800 feet in  length  and 100  feet in  width. I t  is 
built of two parallel concrete  walls, 6 feet  wide and  10  feet deep, 
carried to a solid foundation  throughout,  and  the  intermediate space 
of 88 feet  is paved with concrete 1 foot 6 inches  in  depth.  The 
superstructure on the concrete walls is brickwork  in lime-mortar. 

The waste-water-course, Fig. 2 ,  has a clear  width of 800 feet, 
and  is excavated through  the elevated ground which forms the 
northern  boundary of the reservoir. The bed of the  channel is 
level as far  as  about 3,000 feet from the commencement, and  then 
falls  at  an  inclination of l in  l50 towards a  nullah between 
Jafarpur  and Rasulabad, which  discharges  into  the  Surya  river. 
The  height of the  embankment above the  crest of the  weir  is  in 
the.middle  portion 16 feet, gadualIy decreasing to 12 feet a t  the 
ends. The  ground  through  which  the waste-water-course is 
excavated  consists of clay of varying  quality,  the bed of the 
channel  being  hard clay. It is calculated that  the maximum 
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flood-discharge of 11,680 cubic  feet  per second would rise to  a 
height of about 6 feet above the west end of the waste-water- 
course. This  discharge  is  equivalent to f r  inch  rain  per  hour off 
the  catchment-area,  which  is  generally flat, and consists largely of 
grass  land. 

The  Author,  having found  from the observations that  the dis- 
charge of the waste-water-course is not more than 530 cubic  feet 
per second between R.L. 209.00, and R.L. 210-00, proposes to 
alter  the level portion from the  apron of the waste-weir, 2,000 
feet  in  length, so as  to  give a slope of 1 in 1,000, and it will 
then, according  to the Author’s  calculation,  discharge 3,370 cubic 
feet  per second. 

OUTLET-CULVERT AXD VALVE-TOWER. (Fig. 5, Plate 3.) 
The draw-off and scour-valves are contained in a  tower  which 

is connected with  the  lake  by  two plug-valves placed at  R.L. 

Fig. 6. 

e 7 ::-7-L, 

SECTION OF OUTLET-CULVE~T. 

188 * 00 and R.L. 198 e 0 0  respectively, and  with a scour-valve, the 
centre of which  is  at R.L. 184.25. From  the  interior of the 
tower  the  water is passed into a cast-iron main 30 inches in  
diameter controlled by a  sluice-valve. 

A culvert  under  the embankment, Fig. 6, connects the  tower  with 
a valve-house at  the foot of the  outer slope. The  arrangement of 
valves at  this  point  permits  the  water  to be discharged from the 
reservoir into  the  Suyra  river  by  an open scour-drain. This 
provision is for the  protection of the  plug-valve  at R.L. 188.00, 
which  may become choked with silt, as  actually occurred during 
1892. 

AQUEDUCT. (Fig. 7, Plate 3.) 
From the valve-house at  the foot of the  embankment a cast-iron 

main, 30 inches  in diameter, is  laid  parallel  to  the road from Ajwa 
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t o  Baroda. The  trench for  a  distance of about 2% miles from the 
7-alve-house has  slopes of 1 to 1, and  is excavated to  a maximum 
depth of 26 feet. The  thickness of the pipes  is 2 inch,  calculated 
for 100 feet  head of water. 

The  main approaches  Earoda on the south  side of the Ajwa road, 
and,  passing  over the Raja tank on brick  pillars  and  through  the 
Pani  Gate,  is  carried to the  centre of the Mandvi  Tower in  the 
city. Here  the  pipes  are reduced  from 30 inches to  24 inches in 
diameter. The  length of the  main from the valve-tower to  the 
Xandvi Tower is l24  miles. The  total  weight of metal in  it  is 
about 7,700 tons  and  the  number of pipes is  about 5,670, 
exclusive of bends and branches. It is provided with 12  stop- 
valves  and 12 ball air-valves, at  regular  intervals of 1 mile,  and 
with 6  scour-valves  placed in convenient  situations  for  supplying 
water to  certain  villages in times of scarcity. The  distributing- 
pipes laid  throughout  the  city  vary between 1 6  inches  and 3 
inches in diameter,  and  house-connections are  generally made 
with &-inch or 2-inch  ferrules. 

PURIFICATION WORKS. 
At Nimeta,, 5 miles  from the reservoir, there  are 3 Anderson 

revolving  water-purifiers, 2 settling-tanks, 3 filter-beds  and 1 
covered  service-reservoir. The  revolving purifiers are  driven  bp 
a  steam-engine,  and make one revolution in  a  minute-and-a-half. 
The cylinders  are  daily  supplied  with 20 lbs. of iron  borings. 
The water,  after  having been in  contact with  the  iron borings, is 
led from the cylinders  to the  settling-tanks,  which worked alter- 
nately.  Appendix, Table I, shows clearly  that  the  water from 
the  Sayaji  reservoir  is  slightly improved after  passing  through  the 
Anderson  purifier into  the  settling-tank at  Nimeta, and  is  further 
improved by passing  through  the  filters  into  the covered  service- 
reservoir. The  analysis of the filtered water from the stand-posts 
in the  city  (Table 11) shows that  the  water  deteriorates  slightly 
after  leaving Kimeta. The Author  has  introduced  a Root blower 
for supplying  air t o  the  water in the  tank connected with  the 
Anderson  purifiers, so as to  thoroughly  aerate  the  water  before its 
passage into  the  settling-tanks.  A  similar mode of aerating  water 
had been  successfully  practised a t  Agra,  and the  result  obtained 
at  Baroda is  very  satisfactory  (Table 111). 

The  settling  tanks  are each 404 feet  by 392 feet,  and 13 feet 
deep, built of brickwork in  lime  mortar. The filters  are 160 feet 
by 100  feet  by 13 feet. The  walls  are of brickwork, and the floor 
is formed of concrete 2 feet thick,  with collecting-drains and  main 
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drain arranged  herring-bone  fashion. A layer of dry  bricks  with 
$&-inch  passages  between  adjacent  rows, covered by a flooring of 
bricks on edge,  supports 1 foot 6 inches of stone  broken t o  pass 
through a 2-inch ring.  The  filtering medium  consists of a layer 
,of fine sand 2 feet in thickness,  brought from the Oorsung river. 
The  rate of filtration  is 4 gallons  per  square foot of filter  per  hour. 

SERVICE-RESERVOIR. 
The walls of this  reservoir  are  constructed of brickwork in lime 

mortar,  and measure 328 feet in  length and 121 feet 6 inches in  
breadth.  The roof is carried by 184 brick  pillars, 14 feet  apart 
from  centre t o  centre,  built  with  Portland cement. The floor is 
of concrete 2 feet  thick  plastered  with lime. The roof is of concrete 
carried  by  steel  girders and joists. Tha  principal  girders,  which 
are 10 inches X 5 inches X Q inch,  are 14  feet  apart from centre  to 
centre; on these the cross girders, 7 inches X 32 inches X + inch, 
are placed, 4 feet 8 inches  apart from centre  to centre,  and  between 
the cross girders  steel joists, 2 inches X l& inch X $ inch  and 4 
feet 8 inches  long,  placed 1 foot apart,  carry  the concrete  covering, 
which  is 7 inches  to 8 inches  thick,  and is covered by a  foot of 
eaxth. There  are 16 cast-iron ventilators 10 inches in  diameter in  
the roof, and 14  openings, 2 feet by 3 feet,  for the admission of light 
when  required.  The  depth of water in  the reservoir  is 16 feet, an 
18-inch  pipe  being  provided t o  carry any overflow into  a scour- 
drain  which serves the service-reservoir, settling-tanks  and  filter- 
beds. The works  were  completed in March, 1892, the  total cost 
being Rs.34,40,000. 

COXCLUSION. 
The  results of gauging  the  Surya  river for five years  from 1885 

to 1889 has  not  been very  satisfactory, as may be seen from the 
following Table :- 

E Sear. 

1885 

1886 

1887 

1888 

1889 

Rainfall. 
-- 

Inches. 
19.81 

42-47 

35. S5 

19.97 

45.79 
- 

[THE INST. C.E. VOL. cxv.] 

Discharge. 

Million Cubic 
F C P t .  
359 

1,076 

406 

123 

523 

Rainfall nis- 
charged. 
~~ 

Per cent. 
21 

30 

13 

17 

13 

E 
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During  this period, the  year 188G afforded conlparatively good 
results,  but  the  years 1887 and 1889 gave a scanty  yield of water. 

It is  intended  to  supplement  the works by  throwing  an  earthen 
dam across the  Vishwanlitri  river to  form a  reservoir at   the 
village of Asoj, and t o  cut a canal  about 4 miles in  length to feed 
the  Sayaji Sarovar. This  will impound about G25 million cubic 
feet  ofwater. I n  1893 the  Sayaji Sarovar rose to R.L. 210.10, that 
is, 2 feet above the  full-supply level (R.L. 208.00). I n  view, 
however, of the recurrence of dry seasons, it is desirable that  the 
present works  should be supplemented  as suggested. 

The  Author desires to express his indebtedness to Rao Saheb 
Hurrichandra Gopal, Executive  Engineer, to Mr. Philipps,  the 
Mechanical Engineer,  and  to Mr. Ramchandra  Harry,  Sub- 
Engineer,  as  well  as  to  all  others who co-operated with  him  in 
carrying  out  this work to  its successful issue. Especially  he 
desires  to  acknowledge the  great  obligation conferred  on him by 
Mr. Playford Reynolds, late Chief Engineer of Baroda State,  for 
the  valuable advice that  he  gave from time to time  during  the 
execution of the works. The  present Chief Engineer, Nr. Graham 
R. Lynn, M. Inst. C.E., has also given  the  Author  the  advantage 
of his  hearty  support in  the completion of the  undertaking,  which 
was formally opened by  the  Gaikwar on the  20th of ;\larch, 1892. 

The  Paper  is accompanied by 12 plans, from a selection ofwhich 
Plate 3 and  the Figs. in  the  text  have been prepared;  and  by  10 
Appendixes  containing copies of Reports on the works, and 
rainfall  and  other  statistics, from which some of the  information 
presented in  the  Paper  has been extracted. 
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A P P E N D I X .  

TAELE I.-k?ALYSIS OF WATER COLLECTED ON THE 11TH  dPRIL, 1802, 
BY DR. D. R. DHU~IIE, L. If. & S. CHEXICAL ANALYST, BARODA STATE. 

1 
I Parts  per Nillion. Grains Gallon. per G rains  per Gallon. 

Water Collected  from Total Solids. 

________~ 
differeut  Localities. ~ .~ 

(a)  Before 
incinera- incinera- 

Albuminoid Free 
Ammonia.  Ammonia. ( b )  After 

tion. tion. I 
1 ~ Payaji  Sarovar,Ajma . 14.0 [ 7 . 0  1.25 ~ 0.1000 1 0.35l 

2 , Settling  tanks,  Nirnetal 13 .3  ' 7.0 1.23 1 0.095 1 0.2Sz  

) 11.2 I 6 . 3  1.20 1 0.013 0 ' 1 6 3  
~ 

l 

3 '{C overed  service  reser- 
voir,  Nimeta . . 

! 
, .  l 

l 

Sediment : Large  vegetable  and  mineral de%ris, paramecia. 
2 Sediment:  Pretty  large,  consisting of vegetable  and  mineral d6bris. No 

3 Sediment:  Scanty,  consisting of vegetable de%ris. No infusoria. Good 
infusoria. 

fit for drinking purposes. 

TABLE IL-ANALSSIS OF FILTERED  WATER FROBI STAND-POSTS I 9  TIIE ClTY 
OF BARODA, BY DR. D. R. DHEBCE. 

Total Sulids. 
Grains 

nates of 

incmera. 
tioo. 

'Grains per j Gallon. 

l l 

(b)   Alter 

Gallon. 

l 4'2 l 

-- ,-I-'- l 

l 
E 

. l -  

a 

Sediment 

-- 
None. 
None. 

Scanty. 

None. 

None. 
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TABLE III.--~xAI,TsIs OF W A T E R  COLLECTED FROM THE COVEI:ED SERTICE 
RESERVOIR AT KIJIETA, BY DR. D. R. DIKXE. 

lit for drinking purposes. 
Sediments  scanty, consisting of vegetable debris. No infusovin. Good, 

Sediments very  scanty, D few minute ziiospo~es. 

Downloaded by [ Syracuse University] on [13/09/16]. Copyright © ICE Publishing, all rights reserved.



3 

Downloaded by [ Syracuse University] on [13/09/16]. Copyright © ICE Publishing, all rights reserved.


